INTRODUCTION
Energy efficiency and energy safety of population, enterprises and regions are relevant issues for modern economies. At the same time, constant increasing rate of energy enterprises production reflects the quantity of emissions, discharges and disposal of fuel combustion waste (ash) what is the reason of comprehensive and concentrated negative impact on all the components of the environment. Moreover, the situation in energy resource's market is characterized by a stable growth of prices and volumes of demand decrease the value of easy oil reserves and other traditional energy resources, a tendency of ensuring the energy independence of individual regions. In this regard, researches in the field of finding alternative energy sources, known as renewable energy sources (renewables), are proliferated [Energy Policy… 2009] . Using renewables can reduce technogenic impact of energy enterprises on the environment, which is constantly growing, and solve the problem of energy supply in developing countries.
Logically, renewables could be divided in two groups: inexhaustible sources of energy and biological sources.
Technologies, based on inexhaustible sources of energy, include solar panels, hydroelectric power plants, wind power plants and geothermal power plants. These sources are clean and completely safe for the environment, but at the present stage of science and technology development, the efficiency of such plants is significantly lower than their traditional analogs (plants based on oil, coal and gas) [Turner et al. 2013] . Moreover, the development of such technologies depends on rare-earth elements, which have comparatively high price and limited supply in world markets [Cherepovitsyn et al. 2015] . Despite this, many developed countries, which have environmental safety on high level, provide up to 40% of national electricity demand due to the use of these sources [Renewables Report 2014] . It becomes possible in condition of strict state regulation in the field of interaction between energy companies and the environment. Among the leaders are Denmark, United Kingdom, Scotland, Ireland etc.
Another promising area of energy development is the use of biomass as a fuel feedstock [Eikhout et al. 2012] . Biomass includes wastes, wood, peat etc. A simple burning of biomass for obtaining thermal energy if enough common, but not effective approach [Reiley et al. 2013] . Enterprises with such technological cycle are almost non-competitive in regional market without a significant state support [Clarke et al. 2010 ]. The advantage of using biomass over traditional types of fuels is that the common environmental situation in surrounding plant areas is much better and it is much cheaper than using inexhaustible sources of energy. The world leader in production energy from peat is Finland, where over 60% of country's energy balance consists of peat [Wiser et. al. 2010] .
Researches [Review of Finnish Biomass… 2002, Hörnell 2001 , Lédé 2013 show that efficiency of using biomass as feedstock can be increased significantly [Lazar et al. 2012 ] by implementation of deep processing technologies, and, as a result, bio-energy enterprises could improve their competitiveness and stability. For example, the deep processing of peat allows, in addition to the thermal energy production, to receive a number of by-products: synthetic gas, synthetic oil, high-carbon materials and others [Lehto 2014 ].
Technologies of deep peat processing cause debate among environmentalists, because there is no clear opinion about their impact on environmental components (including the combustion of synthetic products). At the same time, there are no ways to determine the degree of anthropogenic impact by monitoring atmospheric air in Russia due to a small number of such enterprises.
According to the results showed in [Industry Social Responsibility Report 2014], enterprises of deep peat processing are environmentally clean industrial objects. In addition, the extraction and processing of peat helps to avoid fire situations during the dry seasons.
Despite the presence of technical and technological base, the issues of environmental and economic efficiency of deep peat processing are not sufficiently analyzed in scientific literature. In this study, the environmental and economic efficiency of deep peat processing technologies was assessed on the base of Russian developments.
It should be noted that the production process of deep biomass processing is similar to different kinds of feedstock (peat, wood and other bio-resources). Significant differences are in the list of possible products produced from various raw materials. However, if production of thermal energy (by combustion of biomass) and synthesis gas (for further production of electricity) is the main aim of the enterprise, the feedstock of techniques discussed below can be changed. This review is based on the analysis of Russian developments in the field of alternative energy sources production by using the technology of fast peat pyrolysis. Final products according to this technology are synthetic oil, synthesis gas and thermal energy.
MATERIALS AND METHODS

Promising
Pyrolysis is the process of thermal decomposition of organic compounds derived without oxygen at temperatures up to 850 0 C [Tolvanen et al. 2013 ]. Pyrolysis (depending on the heating rate) is divided into fast, intermediate and slow. Due to the fact that fast pyrolysis has considerable advantages [Haoxi et al. 2013 ], in comparison with other types, the evaluation represented in this review is based on it.
The technical information for calculation of economic and ecological efficiency is contained in four patents of Russian scientists [Kotelnikov et al. 2004 4. Calculation of environmental efficiency shows that the emissions to air from the proposed technology will be significantly lower than combustion of traditional energy sources (oil, coal) and comparable with the energy companies, operating on natural gas (however, there are no hydrocarbon emissions in the process of peat pyrolysis). Thus, the fee for emissions from the combustion of biomass and synthesis gas (assuming no gas-cleaning equipment in all enterprises) may be reduced 7 times, compared with oil, 2.5-4 times compared with coal, and up to 1.5 times compared with natural gas, even taking into account the imperfections of the legislative base in the field of environmental protection in Russia [Kopylov et al. 2012 ].
RESULTS AND DISCUSSION
The performed calculation shows that economic efficiency of peat fast pyrolysis projects is closely connected with regional and national policies in tax field, with the price of peat and with rate of wage, because these three elements form about 95% of operational costs (Figure 1) . It shows the importance of geographical location for founding such enterprises.
The obtained products are superior to analogues and are competitive in the international market of energy resources ( Table 1 ).
Given that the qualitative characteristics of the obtained products (synthetic oil and syngas) are comparable with their "original" analogues, the project is characterized by high values of economic efficiency indicators (Table 2) .
Speaking about the potential transition from traditional energy sources it should be noted that the quality of the final product can vary significantly, depending on the technology. So, the heat of combustion of the synthetic gas is in the range between 25 (comparable to coal) and 33 MJ/m 3 (which is essentially equivalent to the heat of natural gas combustion) [Demirel 2012 ].
As mentioned earlier, the technology of fast pyrolysis is developed not only for peat. For example, substitution of peat for wood waste in Russia will allow reducing the cost of procurement of raw materials by almost 10 times [Gray 2015 ], but the qualitative characteristics of the final product will be lower [Link et. al. 2013 ]. The main factors determining the feasibility of using particular types of energy resources are geographic spread in the region of consumption (for Russia most relevant sources are peat and wood waste) and market conditions for the sale of by-products (presence infrastructure).
Briquetted peat as a solid fuel to produce thermal energy is used in Russia today. This technology is more environmentally friendly than using some types of traditional energy resources (shale, oil products), however, the specific calorific value of peat is lower than traditional energy sources, and waste generates much more (fly ash) in the process of peat combustion [Shtin 2011 ]. It makes using of the briquetted peat economically and environmentally feasible. The conducted review shows that the proposed method of peat fast pyrolysis will significantly reduce the anthropogenic pollution on the territory which is impacted of the enterprise for deep processing of peat, not only in comparison with traditional energy resources, but also with some alternative energy resources, for example briquetted peat. In addition, the proposed method gives the possibility of processing waste products of wood, pulp and paper and other industries, which contributes to the reduction in the area occupied by industrial waste [Kopylov et al. 2012] . Thus, the transfer of energy enterprises from peat to synthetic gas or synthetic crude oil, which are the result of deep peat processing, is not only environmentally reasonable but also an economically viable solution.
CONCLUSIONS
The implementation of energy projects is a prerequisite for the development of any region [Wlokas et al. 2012 , Demirta 2013 , Reza Asadi et al. 2012 , Uduma et al. 2010 . The possibility of using the peat pyrolysis technology, analyzed by authors, will reduce the dependence of the economy from traditional energy resources, to reduce the considerable anthropogenic pollution of environment by energy enterprises, and to provide the population with ecologically pure energy. For example, ecologically The presented results of calculation could be characterized as common, due to this, the evaluation of feasibility of such projects implementation should take into consideration the regional specific, including, for example, the cost of necessary raw materials. For example, to implement the project in Russia, about 50% of the operational costs will be the cost of peat (Figure 1) .
The practical significance of such projects is presented in four main directions: 1. The implementation of the project, discussed in the paper, on the example of the existing industries is used for reducing their dependence on supplies of energy resources from thirdparty organizations. The cost of production of thousand cubic meters of synthesis gas, on the example of reviewed projects, is 20 USD, while the price of natural gas could reach 300 USD and it is constantly raising [Energy Strategy of Russia… 2010].
2. A significant reduction of negative impacts on environmental components is attained due to the use of cleaner and low-waste technologies. Payment for pollution of environment and storage of waste can be reduced from 5 to 20 times in comparison with using conventional energy resources.
3. The creation of new local energy enterprises makes it possible to meet the needs of the population of regions for gas and electricity.
4. Peat processing allows obtaining some byproducts: thermal energy, high-carbon materials, synthetic oil, ash and other in addition to the production of synthesis gas. This will ensure the diversity of new enterprises, increase their competitiveness and sustainability, as well as create a database to meet the demand for raw materials of certain industries.
